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Muncie, Indiana is like many other US cities in that is has properties within the city 
bounds that have been abandoned or closed due to lack of business, or have contaminants 
above maximum legal levels for human use or occupancy.  When a property degrades to the 
point that it is unsafe for residential or even industrial use or development, they are categorized 
as a “brownfield” and listed in the state and national brownfields registry.  Generally, these 
properties are considered too expensive and too much of an inconvenience to clean up, so city 
developers and industries look for more attractive and untouched land on the outskirts to build 
upon, contributing to the ongoing American epidemic of urban sprawl and loss of “greenfields.”  
This, of course, does not solve the existing problem and leaves hazardous sites all over the city 
which degrade environmental conditions, human health, and property values in the immediate 
area. 
Community members who live and work in and around brownfield sites are those who 
suffer the most.  Most brownfields are located in economically disadvantaged areas, and 
negatively impact those who live or work there.  Studies have shown a direct connection 
between the proximity of contaminated soil and water to chronic health problems such as 
cancers, some neurological disorders, birth defects, respiratory problems, and a variety of metal  2 
 
poisonings.  Those who live in these areas are generally economically disadvantaged, which also 
has a direct connection to their overall stamina for physical and social health.  They are 
financially or socially unable to move away and so must suffer the consequences of being 
exposed to contaminated sites.    
Another reason brownfields tend to be found in economically disadvantaged areas is 
because there is not an incentive or financial backing to remediate these sites.  Ideally, they 
would be remediated or re-developed by current or former owners, or the city could make 
efforts to clean it up.  This costs money so many companies avoid it unless pressured by 
regulations or protests by the community.  Many cities have to focus on cutting spending so 
they often don’t have the leisure to deal with low-profile projects especially when lobbied by 
these companies.  The working class poor often don’t have the time, energy, or money to 
protest these situations even when they are made aware of them. 
With the rising demand for “sustainable” and “green” solutions in new architecture, 
urban planning and development, and landscape design, attempts at reclaiming the abandoned 
inner city and urban sites have been made.   Land costs have also factored in, showing how re-
developing abandoned areas saves more in the long-run when considering materials, travel time 
and costs, rising fuel prices, and the value of greenfield properties in relation to the demand for 
agriculture, the need for green spaces, and quantifiable environmental benefits.   
With all of these issues considered there is a need to clean up urban brownfields in a 
way that will not exacerbate the problem or just offer a temporary solution, and a need to do so 
in an environmentally and economically feasible way.  
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Project Significance 
This project aims to develop a process and design program for a forest and remediation 
demonstration park on the Peloquin property in Muncie, Indiana.  This program and process 
template will be flexible enough to be altered and used on other brownfield sites within the city.  
It presents strategies that will help clean the soil and groundwater using a combination of 
remediation processes that are non-invasive, and in the long-run will improve the social and 
environmental conditions for residents in the immediate area. The final phase of the project will 
incorporate remediation and native ecology demonstration areas.  To extend the community’s 
involvement beyond passive observation once remediation is complete, a community-run 
garden will be incorporated into the site. 
The project provides opportunities for members of the community to become stewards 
of this site. They can learn how to create a productive area out of a once-abandoned and 
contaminated site; it can help provide maintenance and educational jobs for the community 
that will last over a long period (at least for the projected time for full remediation), and the 
opportunity to supplement nutritional needs for people who do not necessarily have money but 
can provide time to cultivate food for themselves. 
Similar applications of basic components of this design can also be applied to a variety 
of sites in the Muncie region needing remediation, and brownfield sites in other cities, 
potentially creating a series of spatially- or thematically-connected park spaces out of once 
unusable land.  This design template could be used for other parks in areas of concern as part of 
the revitalization of the city of Muncie.  
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Scope 
  The primary goal of this project is to present a design proposal that will lead to the 
remediation and development of a designated urban brownfield in Muncie, Indiana, through 
several phases of bioremediation and usability, to the point where it can safely be used as an 
urban agricultural site.  This project looks at developing a master plan and remediation process 
timeline for the site within the Peloquin property.  The project design parameters incorporate 
the history of the site, considers the uses of adjacent land and sites of relevance within the 
immediate area, and focuses on creating a long-term comprehensive plan to encourage the use 
and sense of ownership and stewardship by the local community in an effort to help support 
them physically and socially. 
  Among other things this project considers the cultural and environmental history of the 
site, current contamination findings and existing bio/geological conditions on the site, existing 
local recreation and park services, landscape design and place-making principles, long-term 
management and development, and bio-remediation processes. 
 
Methodology 
The methods used for this project follows a traditional landscape architecture research 
project design process.   An observed problem area in the city prompted research in brownfield 
remediation, with a focus on using phytoremediation techniques.  A site (the Peloquin property) 
that could be used to explore this interest was identified.  A series of goals and objectives were 
then compiled and more extensive research was conducted to begin addressing the goals.  From 
there, a program and series of design concepts were developed to further address the goals, 5 
 
while precedent studies focused on successful existing projects and processes that address 
similar situations.  Design and documentation followed. 
The problem was identified within the frame of interest, primarily healing degraded 
landscapes, and preliminary research was conducted on that subject.   A potential project and 
basic set of goals and criteria was created that would encompass environmental and social 
concerns.  The Indiana Brownfields list was researched for potential sites within an area that 
would be feasible for study and site visits, and would fulfill the project site criteria.   By using GIS 
mapping, the potential site data was mapped and assessed by looking for sites that fulfilled the 
most criteria: a registered brownfield located in Muncie, Indiana, adjacent to more 
disadvantaged areas and areas of high density, near existing park systems and residential areas, 
accessible by public transportation, and near a body of water.  A multitude of sites were found 
through this process and many were eliminated according to the conditions of the criteria, 
narrowing down the choices to the one that fit best (Appendix A, Fig 1.1, pg. 128). 
The most suitable site for the project was the Peloquin property.  Data regarding the 
existing contaminants was included in this report and for this project was translated into graphic 
diagrams expressing locations and contaminant concentrations on the site.  Other important 
information regarding the site was researched, including local conditions and site history.  Site 
visits were conducted to determine the overall “feel” and visual condition of the site. 
A quantitative method was used to collect data on plants suitable for biological 
remediation, other applicable remediation methods, and their specific uses and success levels 
when applied to different contaminants. This list changes depending on the contaminants and 
environmental and geological conditions of the site. Other quantitative data include the types of 6 
 
plants suitable for an urban garden and in raised beds or pots depending on the level of 
contamination of the site and their suitability.  Projects that successfully dealt with brownfield 
remediation and the improvement of living conditions through community efforts were 
researched, and the applicable processes and methods were considered and modeled for this 
project. 
From these assessments, diagrams and a proposed master plan were created.  A process 
template and timeline were designed from this that could be applied to different types of sites 
and contaminants; it depicted the process and showed at different stages what can be grown or 
used on the site, including safe areas for participation by community groups. The research was 
analyzed according to relevance and by reliability of the source, then the data was synthesized 
to support or augment the specific needs of the site and program.   
A phased design, timeline, and implementation plan for the project site was formulated, 
illustrating different stages of rehabilitation over time and accessibility by the public, to the 
point where the site is assumed safe enough to install a harvestable community garden. The 
phased design proposes to incorporate as much community input and hands-on work as safely 
as possible, encouraging social and physical healing in the community as local citizens work 
together to heal the landscape. 
Definition of the Problem 
Preconceptions: 
Currently there are preconceptions and misconceptions associated with brownfields and 
developing urban agriculture sites on them (Appendix A, Fig 1.2, pg. 129).  Brownfields are seen 
as permanently contaminated and not suitable for food production due to human health risks 7 
 
(Heinegg, 2002). However, if properly tested, assessed, and treated, sites can be rehabilitated to 
acceptable standards.  (Appendix A, Fig 1.3, pg. 129) The United States Environmental 
Protection Agency (US EPA) indicated that phytoremediation techniques applied to many 
different brownfield sites have successfully removed contaminants (Appendix A, Table 1.1, pg. 
130) such as petroleum hydrocarbons, benzene, toluene, ethylbenzene, and xylene (BTEX), 
polycyclic aromatic hydrocarbons (PAH), polychlorinated biphenyls (PCBs), trichloroethene (TCE) 
and other chlorinated solvents, ammunition wastes and explosives, heavy metals, pesticide 
waste, radionuclides, and nutrient wastes (Environmental Protection Agency, 2001A).  What 
must be considered is how to balance the environmental and safety risks of employing 
community member participation on site and in the remediation process, while addressing valid 
issues concerning quality of life, open space access, social inputs, and public perception in a 
long-term and sustainable fashion (Gute,2006).  
 
Physical and Social Health:  
 “Thirty-one million Americans live in homes with limited or uncertain access to 
adequate nutrition. The same demographic that disproportionately suffers from food insecurity, 
i.e., low income minorities, is also prone to higher rates of diabetes, stroke, asthma, obesity, 
heart disease, cancer and other chronic health issues” (Hallberg, 2009).  At the same time we 
are producing huge amounts of subsidized food that is inefficiently distributed, further 
complicating these health issues.  Community-run gardens and projects have been successfully 
used to help augment food availability to these families and to bring communities closer 
together.    8 
 
  Using community-produced food can help address economic, environmental, and 
social challenges to the community, provide easy access to healthy food, confront 
transportation issues, decrease the distance the average meal travels, and provide activities and 
projects  local citizens can participate in together as a community (American Planning 
Association, 2012). Community stewardship has also shown to be a successful way to engage 
local people in the long-term care of a site, especially in an area that needs public space.  This 
project explores the social and economic effects of bioremediation and urban agriculture as a 
possible means of community remediation in disadvantaged areas.  
In New York City alone, 7.1% (about 11,000 acres) is currently vacant and could be 
rehabilitated into productive landscapes (EPA, 2010).  Similarly, the 2000 US Conference of 
Mayors estimated from a survey of 231 cities, that brownfield redevelopment could produce 
over 550,000 new jobs and up to 2.4 billion dollars in tax revenues every year (McCarthy, 2002).  
Many of these jobs could benefit local residents and people with lower skill levels needing jobs. 
The benefits of reusing urban brownfields include the revitalization of the site’s history, health, 
and minimizing the use of greenfields or existing natural habitat for development; healing the 
site’s image; and decreasing the public’s health and safety risks (Simmons, 2002).  Community 
involvement can foster a sense of identity and propriety with the site as it is healed and by 
providing jobs, eventually improving property values.  Such work also provides a supplemental 
food source can also improve the communities’ economic standing.   
 
Biological Remediation Applications: 
Biological remediation techniques such as bioremediation and phytoremediation are  
proven, viable, and less invasive options to treat damaged sites than a clay cap or total soil 9 
 
removal, (which are often expensive processes), and are successful at remediating most types of 
contamination (Appendix A, Table 1.2, pg. 130 and 1.3, pg. 131).  Sometimes, however, it is 
difficult for communities to trust the claims of companies or authorities, and the technologies 
are not always fully understood. Full soil removal is often perceived as a better process than any 
of the bioremediation techniques available (Kocher, 2002). One can imagine the contaminated 
soil being taken away and “clean” soil replacing it, yet it is difficult to see plants remove toxins 
while trusting that soil tests are accurate.  Involving the community in much of the process can 
help alleviate these concerns and misconceptions.  “In the face of changing circumstances, 
community-based institutions can provide continuity, serve as a forum for creative negotiations, 
and act as a lever to keep brownfields projects viable” (Siegel, 2005).  In addition, when using 
phytoremediation methods, there is a concern as to whether the benefits outweigh the 
disadvantages. Additional concerns include what happens to the contaminated materials once 
harvested (Appendix A, Table 1-4, pg. 131).  
 
Limitations and Assumptions 
Due to limitations such as time constraints and limited access to the site, the project is 
based upon a series of assumptions. 
1.  Soil contaminant types and concentrations for the project site are based on the 
findings of a brownfield assessment completed in 2008, and their extent is 
based on their chemical characteristics, the soil type and depth, and projected 
surface water flow.   
Five soil borings were conducted: one at each corner of the site, one by the fill piles, and a 
surface test of the fill piles.   All levels of contamination across the site are extrapolated from the 10 
 
soil borings and fill pile tests conducted in the brownfield assessment conducted by Symbiont in 
2008.  A more accurate approach would be to conduct surface soil surveys and contaminant 
tests, using the findings along with the soil borings published in the brownfields assessment. 
However, since the site is so large, such testing at that time was not feasible, therefore the site 
inventory and analysis were extrapolated from the original assessment.  
2.  It is assumed that full site remediation will take place in three main phases 
within a 10-year timeframe; in other words, the soil and groundwater across the 
entire project site will be sufficiently free of the contaminants for urban 
agricultural purposes. 
Using the proposed remediation processes the expected outcome of each design phase is full 
removal of the specified contaminants within the time allotted.  When this project is actually 
built, the rate of remediation will vary depending on many factors that can change over time 
from one part of the site to the other.  In addition, soil and groundwater tests would be 
periodically conducted to determine contamination levels across the entire site, and the 
planting choices and advancement of the phases would be based on the findings. 
3.  Methylene chloride is a difficult contaminant to remove and is present in the 
northern part of the site. It is assumed that this project will have successfully 
removed it by Phase Two. 
According to the Phase I Environmental Site Assessment (Symbiont, 2008), the upper portion of 
the site is contaminated with methylene chloride, a difficult contaminant to remove with 
biological remediation, so mechanical or chemical methods are usually employed.   The project 
design is based on the concept that by the second phase (three years in) this contaminant will 
have been successfully removed and the area prepared for further remediation. 11 
 
4.  The White River is not a potential off-site source of contamination from other 
sites upstream in this project.  
 For this project, the possibility of river water entering the site is not taken into consideration; 
the river is considered to be of no concern other than possible entry of contaminants to the 
river from the site.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 CHAPTER 2 – EXPLORATION OF TOPICS 
 
 
 
Brownfields in Urban Environments 
  Brownfields are becoming more of a focus of the public and local government as we 
come to the realization that abandoning properties and spreading out to build upon 
undeveloped land is not feasible in the long-run.  Federal and state programs are being 
developed to specifically handle brownfield situations, and to develop regulations and provide 
funding for their remediation (Appendix A, Table 2-1, pg. 132).  “From 2003 to 2005 more than 
$225 million in federal grants were dispersed to states to promote the redevelopment of 
contaminated landscapes” (Berger, 2006).  In many cases, the redevelopment of these sites, 
especially in inner cities, has been focused on the purpose of making the site usable for 
residential or commercial purposes.  This is a good approach as “through brownfields 
redevelopment, cities can reap significant environmental and economic benefits through site 
improvements, job creation and new commercial, industrial and residential opportunities” 
(United States Conference of Mayors, 2006) and the companies who buy and reclaim the land 
can gain a significant profit margin on resale, depending on what cleanup process they use   
(Appendix A, Table 2-2, pg. 133).  This type of land takes up significant amounts of inner city  
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space and, once reclaimed, can provide re-development areas preventing urban sprawl and 
development of greenfields (prime undeveloped land).  Many cities have expressed preferences 
for policies that encourage re-use; “they expect 60 per cent of all new housing will be built on 
brownfield and inner-city sites. With the scarcity of urban land for new building there will be 
intense pressure on local government to develop on underutilized allotment sites” (Ferris, 
2001).   
According to the Environmental Protection Agency (EPA), since the creation of the 
brownfield program, it has leveraged 72,434 total jobs nationwide.  In a survey looking at the 
2011 fiscal year, urban brownfield remediation projects have leveraged on average $18.29 for 
every EPA dollar expended, shown a  32-57% reduction in vehicle miles traveled (when 
developing brownfields instead of greenfields on city margins), and can increase residential 
property values 2-3% when nearby brownfields are addressed.  It promotes area-wide planning, 
decreases stormwater runoff, and surveys also indicate a reduction in crime rates in the recently 
revitalized brownfield areas (EPA, 2012).  
Most inner city remediation and redevelopment projects focus on using the land to 
build upon, rather than cleaning it for open or green space.  This is most likely because of the 
enhanced value of the property once it is considered safe to use.  However, there is a growing 
demand for green space in cities where people who may not have the time or luxury to go out 
to an established park or garden area.  There is “a growing recognition among community 
groups and environmental organizations that brownfields hold enormous potential for 
“greening” city environments, through the implementation of parks, playgrounds, trails, 
greenways, and other open spaces” (De Sousa, 2003).  Since the city infrastructure is already 
well established, interventions at a smaller scale in abandoned or underutilized properties can 14 
 
provide better access to more green space without causing problems for people living or 
working in the area.  By utilizing less invasive remediation processes, we can also reduce the 
disruption caused to the community. 
Other aspects that work in the favor of remediation are “the social costs and benefits of 
greenfield development versus brownfield redevelopment; and meaningful community 
participation” (McCarthy, 2002).  When a brownfield exists in a community setting, local citizens 
realize that it negatively impacts them socially, economically, and physically, and once they 
identify the problem they will put effort into correcting it.  This is a great way to make sure long-
term remediation projects will be emphasized and maintained. “In the face of changing 
circumstances, community-based institutions can provide continuity, serve as a forum for 
creative negotiations, and act as a lever to keep brownfields projects viable” (Siegel, 2005).  
Efforts are being made worldwide to change how we develop and expand cities.  Many 
redevelopment projects incorporate a sustainable community plan that focuses on providing 
jobs, social venues and opportunities, and local production of renewable energy and food 
sources.  There are efforts not just to provide areas people can use, but to develop connections 
and imperatives within the community that will last longer than a built place. “The focus on 
brownfield remediation has almost exclusively stressed the context of city planning and real 
estate redevelopment, and the policy development has proceeded accordingly” (Heinegg, 
Brownfield Remediation, 2002). 
Allowing the community to participate in a remediation project strengthens their 
connection to it and creates a more successful program and site.  (Appendix A, Table 2-3, pg. 
134)  Designer-led project charrettes are often employed to better understand the needs of the 
community and future intentions for the site. “This charrette allowed the community to envision 15 
 
a future reuse of the involved properties... forming a viable partnership with the community 
leadership. A key element was also engaging the end users of the site as directly as possible in 
the planning of the design” (Gute, 2006).  The remediation projects were, however, led by a 
design team or company to ensure the site was fully remediated.  There are many such 
companies who specialize in biological brownfield remediation processes (Appendix A, Table 
2.4, pg. 135 and 2.5, pg. 136) and landscape architecture companies who will collaborate with 
them on projects. 
An added benefit to developing brownfields is that it encourages people to think of the 
process of development, use, and redevelopment or remediation as a cyclic process and part of 
a larger system rather than a linear process of development, use, and abandonment.  “The 
reclaimed landscape is originally treated more as a system than a form and more as an 
infrastructure than an object.  Eventually, through processes independent of its original state, 
the reclaimed landscape evolves into a new totality that locally adapts under the duration of 
time” (Berger, 2006).  This type of thinking has led to community-oriented sustainable 
grassroots projects or full re-development plans.  It is important to encourage their involvement 
as “proactive communities allow a greater amount of sustainable development to be achieved… 
at the ‘grassroots’ level, i.e. in the community; a bottom-up approach often at odds with the 
traditional economic development model” (Holland, 2004) especially when remediating a site 
located within the community.   
Reusing a site also allows us to experiment with design and technological possibilities 
that would normally not be feasible on a property that is of a higher value.  These experiments 
and processes can be applied to other sites and situations when they prove successful.  A 
bioremediation process and system designed for a specific site takes into account all of the 16 
 
contextual and environmental conditions affecting it.  In turn, parts of it can be applied to other 
local sites or projects with similar issues.  “Reclamation sites are viable testing grounds for new 
ecologies that allow for other constructs of “nature” to flourish…. Some of these new constructs 
will become applicable globally to other altered landscapes and urban areas” (Berger, 2006). 
In Relation to Human Health  
  Brownfields have a direct impact on human health.  The contaminants, such as metals, 
that leach out of landfills, wash out of mines, collect in the air and water, and filter into the 
groundwater all negatively affect humans at certain levels.  Most do occur naturally as pure 
elements in the environment; however, they are usually found in trace quantities or bonded 
into compounds that are not as hazardous.  Humans and other organisms need metals such as 
zinc and copper to function properly; however, the amounts that are re-entering environmental 
cycles are above natural levels, and humans are being exposed to concentrations that may pose 
negative impacts.  Increased levels of nitrates, mercury, arsenic, and even radionuclides in the 
environment has caused many forms of chronic and debilitating conditions from birth defects to 
brain damage and many forms of cancer.  Generally, the people most exposed to these 
conditions are the local citizens who don’t necessarily know about the problem, such as where a 
mine or industry dumps wastes and covers it up, or they are unable to move away due to 
financial or social reasons.  The issue worsens over time, not only degrading human health but 
also impacting citizens’ emotional and mental well-being and lowering land values.  
“Contaminated communities experience the loss of economic value, deterioration of social and 
ecological relationships, and diminution of health and well-being of residents” (Kocher, 2002). 
  These communities also often suffer from a lower economic standing which is shown to 
have a direct impact on their diet and food choices.  Disadvantaged families, especially inner-city 17 
 
ones, don’t often have the money to buy, time to prepare, or access to fresh foods which have 
to be shipped in from elsewhere.  It seems easier and cheaper to buy a “meal” at a fast food 
restaurant, when they are in a rush to get themselves to school or work. “The issue of poor diet 
has now been elevated from a personal health issue to a public health crisis. For the first time 
ever, health officials predict today’s children will live shorter lives than their parents due to 
obesity and chronic disease-related mortality” (Cohen, 2004).  People understand that there is a 
health crisis and eating this type of food is inadvisable, but in most cases there really is a lack of 
options.  “Lack of access to nutritional foods in low-income communities has led to poor diets 
which are high in caloric intake but inadequate in nutrients. One important step towards 
stemming chronic diseases linked to poor or inadequate diets is ensuring access to healthy 
nutritious foods in the most vulnerable communities” (Hallberg, 2009). 
The opportunity to plant a “victory garden” to supplement expensive food bills is just 
not as available to people in the city or on rented properties as it is in rural areas.  Urban 
dwellers also miss out on their connections to nature and the benefits most take advantage of 
when gardens or parks are readily available. In surveys determining why there is such a demand 
for urban parks and agriculture, “the most common reasons reported by the coordinators for 
participation in community gardens were access to fresh/better tasting food, to enjoy nature, 
and because of health benefits, including mental health” (Armstrong, 2000).  If opportunities 
such as community gardens and integrated edible agriculture landscaping and green space are 
available, community health will improve holistically.  This also helps to improve local residents’ 
mindset regarding how to deal with “nature,” outdoor physical activity, and our role as stewards 
to the land and to each other.  People will tend to think more about how things work, how they 
treat their body, and what they are eating. “People involved in sustainable agriculture are more 18 
 
likely to have a systems orientation. They are concerned about where food comes from, how it 
is produced and transported to the consumer” (Cohen, 2004). 
 
Benefits and Methods of Urban Agriculture  
Several benefits seen in developing community gardens on remediated sites include 
“improved access to food, improved nutrition, increased physical activity and improved mental 
health. Community gardens were also seen to promote social health and community cohesion” 
(Wakefield, 2007).  Providing the opportunity and means to start a garden enables families and 
community members to meet and work together to produce something that they can take pride 
in.  Strengths, Weaknesses, Opportunities, and Threats (collectively known as SWOT) analyses 
on various projects have shown that “community gardens are seen to benefit the community as 
a whole, by improving relationships among people, increasing community pride and in some 
cases by serving as an impetus for broader community improvement and mobilization” 
(Wakefield, 2007).  Urban agriculture can be used not only to provide a source for food 
supplementation, but also a deeper understanding of and a sense of ownership of a particular 
area of land that exists within the community’s purview.   
Such projects and changes to basic food system perceptions encourages people to find 
ways to be more sustainable, especially with diminishing resources and growing interest in 
alternative energy sources, to shop locally for food or products and learn about local systems 
that they are a part of and can control.  Just having locally-produced food helps in the 
conservation effort since “other natural resources, such as energy for transportation and 
cooling, can be conserved through urban agriculture” (Smit, 1992). Any fuel or money that can 
be saved through this endeavor can help families better handle personal incomes, especially in 19 
 
times of personal financial crises.  Most communities start this kind of activity specifically as a 
means to provide a safety net in the same way food pantries do; however, they provide food 
types normally not provided by such organizations and help nutritionally supplement what is 
normally offered.  “Access to good quality and affordable food often is a concern among 
community gardeners and community, especially in low income neighborhoods where access to 
affordable, high quality produce is limited” (Saldivar-Tanaka, 2004). 
Utilizing brownfield sites as a source for community gardens is an entirely feasible 
endeavor.  There have been many cases of not only the community developing a garden on a 
once-contaminated site, but also participating in the cleanup process with the goal of such a 
public use.  “Across the country, brownfields are being transformed into housing, commercial 
buildings, mixed use developments, and parks. Though there are myriad reuse options for 
brownfield sites, agriculture-related uses present exciting alternatives to traditional 
redevelopment” (APA, 2012).   
Most urban brownfields are not large industrial facilities or properties-- they are usually 
smaller sites contaminated by dry cleaners and auto repair shops, so remediation and re-use by 
locals, rather than large-scale development would suit best.  It seems that “gardening on 
brownfields appears to be a new concept… with interest from many gardeners and researchers 
across the country about techniques, locations of existing gardens and availability of space. 
Concerns were raised by some about the safety of gardening on brownfields” (Devine, 2007).  If 
the soil is fully remediated then there should not be any problems with safety.  If the people 
involved with the garden also take part in the remediation process then there should be less 
doubt and confusion.  There have also been garden projects that have been built on partially 
remediated sites.   These generally utilize raised beds with root barriers preventing the plants 20 
 
from gaining access to the contaminants, and agriculture choices based on what types and levels 
of contaminants there are and how the plant is used.  Cutting flowers are plant choices often 
used in situations where people are uncertain about the quality of the soil, or plants that would 
only have the unused parts take up the contaminants.  In the event or possible concern about 
vegetable contamination, certain plant types are more or less suitable for urban planting (Fig. 
2.1).  
 
Fig. 2.1. Plant varieties suitable for contaminated sites                   (Turner, 2009, pg. 17)  
 
Brownfield Contaminants 
  Contaminants can include anything that is harmful to the environment or people at any 
concentration.  The following section focuses primarily on the contaminant types found in the 
project site and the methods that could be used to remove them.  For common sources, types, 
and remediation methods see Appendix A, Table 2-6, pg. 137. 
 
Heavy Metals: 
Heavy metals are a common contaminant found in urban brownfields.  These naturally 
exist as trace elements in the soil at different concentrations.   The impact they have on plants 
and animals in any given system and the possible ways or forms of absorption and 21 
 
bioaccumulation determine their accepted or legal levels.  The heavy metals explored in this 
section include chromium, lead, nickel, and zinc.  Other element types and their removal 
methods focused emphasized in this project are referenced in Appendix A, Tables 2-7, pg. 137 
through 9, pg. 138.  These are of concern, as they are found to be above the Indiana RISC 
Default Closure Levels (RISC DCL’s) indicated in the Brownfield Assessment Report for residential 
use, or above.  Zinc is the only metal of concern found in the project site above legal levels in the 
groundwater sampling. 
Chromium (Cr) is a metal that is essential in human and animal diets and is “an essential 
nutrient for humans and shortages may cause heart conditions, disruptions of metabolisms and 
diabetes.”   However, excessive quantities or undesirable forms, “in animals chromium can 
cause respiratory problems, a lower ability to fight disease, birth defects, infertility and tumor 
formation… People can be exposed to chromium through breathing, eating or drinking and 
through skin contact with chromium or chromium compounds” (Lenntech, 2011). 
Sources for chromium includes “the chemical manufacturing industry and combustion of 
fossil fuels… electroplating, leather tanning, textile industries” and other such manufacturing 
industries (Pichtel, 2007).  The natural average concentration found in any given soil is 100 
mg/kg with a range of 1-1,000 mg/kg.  The legal RISC DCL residential level is 38 ug/kg and 120 
ug/kg for industrial use (Appendix A, Fig 2-1, pg. 139).   Chromium attaches strongly to soil 
particles, settling out of the air and bonding to sediments in water, and can be a difficult 
element to extract.  The presence of chromium in the project site is most likely linked to the 
past existence of the automobile maintenance shop and the foundry sand and slag dumped in 
the north of the site.  Chromium is often used for “alloys such as stainless steel, in chrome 
plating (for rust-proof auto parts) and in metal ceramics. Chromium plating was once widely 22 
 
used to give steel a polished silvery mirror coating” (Lenntech, 2011). Two forms commonly 
found in brownfields are chromium III and chromium VI.  The potential presence of chromium VI 
is problematic as it travels more freely through soil and it is more hazardous to human health. 
  Lead (Pb) is another metal found in the environment as an ore but is more commonly 
deposited by industrial practices.  There are no beneficial effects of lead in humans or any other 
organism. “Lead is one out of four metals that have the most damaging effects on human 
health. It can enter the human body through uptake of food (65%), water (20%) and air (15%)” 
(Lenntech, 2011).  Lead causes a wide range of neurological and physiological damage when 
absorbed in any form.  Brain damage in children has been a concern and focus when eliminating 
lead from products such as paint and gasoline.  However, it still exists in certain industries and 
byproducts, and has a tendency to remain in the atmosphere when combusted, which extends 
its life cycle.  This element bioaccumulates at every level of the food chain and in all life-forms.   
The natural average Pb concentration in soil is 10 mg/kg with a range of 2-200 mg/kg.  
The residential RISC DCL is 81 ug/kg and 230 ug/kg for industrial use.  Most occurring in the 
environment is due to human activities, especially from the burning of lead salts in gasoline 
which become airborne and settle out in the area of combustion, or will travel in the 
atmosphere and are deposited in rain.  Lead is currently limited in many consumer products, yet 
its use in the past still show heavy contamination.  Lead now enters the biosphere primarily 
through “metal smelting and processing, secondary metals production, Pb battery 
manufacturing, pigment and chemical manufacturing, and disposal of Pb-containing waste” 
(Pichtel, 2007).   Once in the soil it has a tendency to remain there and not travel through 
groundwater unless transported with sediment.  Its presence in the site is linked to the railroad 
tracks and the roads bordering the site. 23 
 
  Nickel (Ni) is used in steel, other metal manufacturing, and many types of industrial 
products.  It is essential in small quantities in humans and other organisms, but its specific 
functions are still not clearly understood.  Nickel influences development, skin and bone health, 
and some enzyme and hormone production.  A deficiency leads to hormonal imbalance, 
abnormal development, and changes in skin and hair, while too high of a concentration can be 
toxic or carcinogenic, especially if inhaled.  Other possible health concerns include skin 
sensitivity, respiratory problems, birth defects, and heart disorders.  Nickel “will adsorb to 
sediment or soil particles and become immobile as a result. In acidic soils and groundwater 
however, nickel is bound to become more mobile and it will often rinse out to the groundwater” 
(Lenntech, 2011).  High nickel concentrations can damage plants in sandy soils or algae in 
surface water, yet microorganisms have been shown to adapt after an initial die-off. 
The natural average Ni concentration in soil is 40 mg/kg with a range of 0.2- 450 mg/kg. 
Higher concentrations occur naturally in clayey and loamy soil.  The residential RISC DCL is 950 
ug/kg and 2,700 ug/kg for industrial use. For groundwater contamination the closure levels 
indicated in the Phase I Environmental Site Assessment (Symbiont, 2008) are 0.0083 uk/kg for 
residential and 2.0 uk/kg for industrial use.  “Nickel is released in the emissions from mining and 
metal-processing operations from municipal waste incineration, and from the combustion of 
coal and oil” (Pichtel, 2007).  Other sources include artificial fertilizers in agricultural practices, 
stormwater runoff, leachate, and sewage treatment.   
  Zinc (Zn) is another essential trace element in the human diet.  Too little causes a loss of 
appetite, slowed healing, and sometimes birth defects, but  “too much zinc can still cause 
eminent health problems, such as stomach cramps, skin irritations, vomiting, nausea and 
anemia” and respiratory problems if inhaled (Lenntech, 2012).  Zinc can also negatively impact 24 
 
plant growth and the processes of microorganisms and worms when decomposing organic 
matter.  Zinc bonds with sediment but can dissolve and travel into the groundwater so 
contaminated bodies of water will deposit zinc into soils down-gradient (surface and 
subsurface). 
The natural average zinc concentration in soil is 50 mg/kg with a range of 17-125 mg/kg. 
The RISC DCL is 10,000 ug/kg for both residential and industrial use.  “The main use of Zn is as a 
corrosion-resistant coating on iron or steel… and metal processing… released to the atmosphere 
as dust and fumes from zinc production facilities, automobile emissions, and fuel combustion” 
(Pichtel, 2007).  The presence of zinc in the soil of the project site is likely a result of the foundry, 
automobile repair shop, and the roads around the site. 
 
Aromatic Hydrocarbons: 
Naphthalene (NPTH) is a white, solid, aromatic hydrocarbon that is found in petroleum 
oils, lubricating oils, pesticides and moth balls, and is used to make PVC.  It is a contaminant that 
evaporates easily and is very volatile when mixed with air.  It is often found in oil spills, areas 
involving automobile maintenance, and when wood or fuel is burned. Naphthalene can be 
absorbed through skin, in drinking water, or inhaled and can cause damage to red blood cells 
and anemia.  “Exposure to a large amount of naphthalene, such as by eating mothballs, may 
cause nausea, vomiting, diarrhea, blood in the urine, and a yellow color to the ski.” (Agency for 
Toxic Substances and Disease Registry, 2005). 
The RISC levels indicated in the Phase I Environmental Site Assessment (Symbiont, 2008) 
are 700 ug/kg for residential closures and 170,000 ug/kg for industrial.  Sources for this 
contaminant likely include the auto repair shop, roads and parking, and potential spills from the 25 
 
railroad tracks.  Naphthalene binds weakly to soils and sediments and can become dissolved in 
water; however, it usually evaporates or is broken down very slowly by existing microorganisms 
in the soil and water.   
2-Methylnapthalene was the only BNA (base neutral acid) detected in the project site.  It 
is a solid and was found in the same location as naphthalene. The characteristics and effects are 
relatively the same as with naphthalene.  There are no RISC DCLs given for 2-methylnapthalene 
in the Phase I Environmental Site Assessment (Symbiont, 2008). 
 
Volatile Organic Compounds: 
Methylene chloride, or dichloromethane (DCM), is a chlorinated solvent found in paint 
thinners, used for chemical processes and extractions, and is also used for decaffeinating coffee.  
It is a type of VOC (volatile organic compound) which easily vaporizes, becoming an airborne 
health hazard.  Primary exposure of this contaminant for humans is in the air, and it is highly 
mobile in the soil and water.  “Average daily intake of dichloromethane from urban air has been 
estimated to range from about 33 to 309 μg. Exposure to dichloromethane in indoor air may be 
much higher, especially from spray painting or other aerosol uses and from paint removal and 
metal degreasing” (International Agency for Research on Cancer, 2012).  Once it is released into 
the air it takes about 53 to 127 days to break down by half.  This contaminant also shows up in 
processed and highly processed foods, and there are legal limits for the amount used in 
processing, depending on the type of food and length of exposure. Methylene chloride was 
banned in many products such as hair spray, and there are attempts to phase it out completely 
because it causes severe respiratory problems, chemical burns on skin, and many types of 
cancers. 26 
 
Methylene chloride does not occur naturally in the environment.  It was developed in 
1840, became an important chemical during WWII, and is now only found as a byproduct of 
industrial and human processes. The RISC DCL indicated in the Brownfield Assessment Report is 
(23 ug/kg) and (1,800 ug/kg) for industrial use.  Most of the tests for this compound have been 
disclaimed as a test error as it was also found in the test blanks; however, one test site is 
believed to be accurate and the potential source is waste from the auto repair shop such as 
degreasers or paint thinners. 
 
Remediation Processes  
  This project focuses on using primarily biological processes to contain and remediate 
the contaminants found in soil and groundwater at the Peloquin site. These processes do, in 
general, take a longer period of time to fully remediate soil; however, they are not as invasive as 
many current methods.  Full soil removal and cleansing is costly and severely disturbs the site, 
and, generally, the toxic contaminants are placed in another landfill that causes problems for 
someone else.  Capping the site with a layer of clay, concrete, or asphalt does not clean up the 
contaminant which may leach out in the groundwater if the cap is breached.  Some projects 
incorporate soil microbes under a cap, but this system only works if the microbes do not need 
access to oxygen, and even then the existing soil community is damaged by sealing.  Chemical 
treatments can damage the soil and may not be very effective in dry soils or for contaminants 
that have spread deep underground (Appendix A, Tables 2-10 and 11, pg. 140). 
Other than using a mechanical process to extract the methylene chloride from the 
northern part of the site, this project will use bioremediation, mycoremediation, and 
phytoremediation techniques to remove the contaminants.  
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Soil Vapor Extraction: 
  Soil vapor extraction will be used to remove methylene chloride from the soil.  This 
works by drawing air through a network of wells in the ground.  Heated air is forced into the 
ground to increase the rate of volatilization and create an updraft of contaminated vapor to rise 
and be collected above-ground (Appendix A, Fig 2-2, pg. 141).  Heating the soil also can 
encourage microbial growth which may speed the rate at which they break down the 
contaminant.  The price range and effectiveness of this particular treatment varies according to 
length of time, concentration, air flow effectiveness, location, and depth to groundwater.  A 
project in Castle Airport, CA indicated a price of $1.93/cubic yard for a passive bioventing 
system, but did not indicate the additional cost value for installing or maintaining the 
technology. Another indicated a cost of about $35/cubic yard for installation of the injection 
wells and the soil borings.  Labor costs were $13.50/cubic yard if approached the same way. 
 
Bioremediation: 
  Bioremediation is defined as the use of microorganisms, often in conjunction with 
supporting organisms such as plants or fungi, to break down organic contaminants (Fig. 2.2).  
This process occurs naturally in soil and water systems and has been proven extremely 
successful when using strains of bacteria specifically grown or selectively bred for this purpose.  
One of the first major design projects to use bioremediation is Gas Works Park (Seattle, WA) 
which utilized bioremediation and other mechanical processed to successfully remediate the 
soil.   There are several types of bacteria developed to clean up petroleum oils, for instance, and 
have been used in situations such as ocean liner spills and diesel spills.  The process can take 
from one-three months if conditions are appropriate.  Many types of Pseudomonas bacteria 28 
 
have undergone development to encourage them to break down hydrocarbons.   The 
application of these bacteria need to have some type of growing media or structure so in 
instances where they are needed in open water, fiber or root mats are used to grow full colonies 
in the area of contamination.    
 
          Fig. 2.2. Bioremediation process in soil 
 
When used on the project site (in situ), the bacterial colonies will be encouraged to 
grow on and amongst the roots of certain types of grasses that show a successful symbiotic 
relationship in these situations.  This process will be applied to the areas shown to have 
naphthalene contamination.  The natural Pseudomonas in the soil will be encouraged to 
colonize on the root tips of the grasses installed in the contaminated areas, but if necessary 
more colonies could be introduced.  The number of and concentrations of these “naphthalene 
degraders in the soil… varied across the site in relation to the distribution of the contaminants.”  
It is expected that without the contaminant to encourage growth in other areas, the bacteria 
will not over-colonize or spread uncontrollably past it (Ferguson, 2007).  The cost of 29 
 
implementing this kind of remediation process varies depending on many factors including soil 
quality, climate conditions, and contaminant type.  However, the overall cost of implementation 
for different types of bioremediation decreases as the volume of treated soil increases. An 
average estimate places this kind of process at 60-70% the cost of other remediation 
technologies. 
In a long-term projection of the effects the introduction of non-native soil bacteria 
would have on the indigenous strains and diversity of the site, studies have shown that after the 
initial colonization and growth while breaking down the contaminant, overall numbers of the 
introduced species will die back to a balanced soil organism diversity mix.  However, since many 
varieties of Pseudomonas and other degrading types of bacteria usually exist in most soils, the 
possibility exists that larger specialized colonies may not need to be introduced.  This project 
uses introduced varieties; however, it should be considered that “in soils affected by PAH 
contamination (e.g. after an oil spill) degrading potential of the indigenous soil bacterial 
community in the first phase should be exploited before the need to introduce a degrading 
strain or microbial consortium in a second phase is considered” (Gomes, 2005). 
Bioremediation of methylene chloride was explored as a possibility for the project site; 
however, most studies were unsubstantial, inconclusive, or the process would not work with 
current site conditions.  Most cases studied used a Pseudomonas bacteria but only one that 
works in conjunction with grass roots.  The others were used to treat waste slurries, and the 
results were not sufficiently significant to use on site without more testing. 
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Mycoremediation: 
Mycoremediation is the use of fungi to break down contaminants and is usually used to 
treat organic pollutants (Fig. 2.3).  Most applications of this process are used to clean 
contaminated soils, but there are studies that show success in treating water (if grown on some 
kind of structure such as a coir log) and potential to even treat airborne pollutants.  For the 
project site mycoremediation will be used to break down the aromatic hydrocarbons 
naphthalene and 2-methylnapthalene. 
 
Fig. 2.3. Mycoremediation process in soil 
 
If the soil of a site does not contain sufficient organic matter to support fungi, a growing 
medium such as wood chips or compost would be added to a contaminated area either in a 
layer on the surface or integrated in the soil.  This would be seeded with the spawn of whatever 
species of mushroom is being used and conditions would be monitored and adjusted to 
encourage its growth.  In one case in Bellingham, Washington, a variety of oyster mushroom 31 
 
(Pleurotus) that was indigenous to the Seattle area was used to successfully break down diesel 
oil contamination along highways in a matter of 8 weeks. In this study, authors stated that due 
to the variable levels of contamination it is recommended to continue the process for at least a 
year depending on what test results indicate.   The cost estimate was calculated as “under 
$50/cubic yard, including bulk fungal spawn and sawdust for inoculation, materials such as 
shadecloth covering, and the transportation, labor, and equipment for the application” 
(Thomas, 1998).  Limited maintenance is needed for this process, other than periodic turning 
and reapplication of the sawdust or growing medium. 
 
Phytoremediation: 
  Phytoremediation is the use of plant metabolism or growth to contain or remove 
contamination from soil or water (Fig. 2.4).  Methods used are phytoextraction, 
phytodegradation, phytovolatilization, and phytostabilization (Appendix A, Table 2.12, pg. 141 
through 2.15, pg. 143).  The success or rate of remediation depends on what conditions are 
present and what type of plant is used, and benefits must be considered against potential 
problems (Appendix A, Fig 2-3, pg. 143 and Table 2-16, pg. 144). 32 
 
 
          Fig 2.4. Phytoremediation processes in soil 
 
Phytoextraction:  
Phytoextraction is the primary method used in this project to deal with the heavy metal 
contaminants in the Peloquin site (Fig. 2.5).  The metal is absorbed from the soil or groundwater 
by certain types of plants and stored in their roots, stems, or leaves.  There are species of plants 
that are “hyperaccumulators”, or types that naturally absorb above-average levels of the 
contaminants; these are particularly useful for phytoextraction.  There are also varieties that 
successfully extract multiple types of heavy metals and can be reused in multiple situations.  
Examples include sunflowers and different types of mustards.  The choice of the plant type used 
depends on a number of factors and should be carefully considered in relation to maintenance 
and possible invasiveness. (Appendix A, Fig 2-4, pg. 145) 33 
 
 
      Fig. 2.5 Phytoextraction process in soil 
Once the metals have been stored in the above-ground plant tissue they are harvested 
from the site and disposed in a manner that is acceptable for the type of contaminant.   The 
most significant practical issue with phytoextraction is the sheer volume of biomass to dispose 
of; depending on the type, may also need to be disposed as hazardous waste.  Several projects 
have successfully dealt with this issue by incinerating the plant mass and sending the ash to 
certain companies that would be interested in extracting the metals.  Zinc-laden mustard plants, 
for instance, have been taken by pharmaceutical companies to be recycled into raw materials 
for vitamins (Appendix A, Fig 2-5, pg. 145). 34 
 
Phytodegradation and Phytovolatilization: 
Phytodegradation is a process similar to bio- and mycoremediation, where the plant 
absorbs the contaminant and breaks it down into materials such as sugars to use as fuel, and 
releasing vapors in a process called phytovolatilization (Fig. 2.6).  This process releases water 
vapors and other natural byproducts of the breakdown of the contaminant; however, it 
sometimes can be a process to avoid if the contaminant would become a harmful VOC.  Many 
types of VOCs can break down in the atmosphere over time; however, they may have a negative 
impact on human health in the process or spread to other areas via wind and rain. 
 
Fig. 2.6. Phytodegradation and phytovolatilization processes  
Contaminant types in soil and groundwater need to be considered before planting 
anything that may extract and volatize them (Appendix A, Table 2-17, pg. 146). 
 
Phytostabilization: 
  Phytostabilization is a process where soil is held in place by the roots of plants and 
prevented from moving due to groundwater migration (Fig. 2.7).  The roots of the plants can 35 
 
extract contaminants as they pass through the soil, or in the case of willow or poplar tree, the 
water is absorbed by the tree at a fast enough rate that prevents the contaminant from leaving 
the site. 
 
Fig 2.7. Phytostabilization process in soil 
 
  Tree root buffers, especially those using poplar hybrids, are successful on sites where 
the contaminant or groundwater does not extend deeper than 11 feet (Fig. 2.8).  The roots have 
an average penetration depth of 18-23 feet; however, the area most impacted by the roots 
reflects an inverted cone and is more efficient toward the surface.  This technique is often used 
to prevent effluent- or nutrient-laden soil and groundwater from spreading and contaminating 
other areas. Some projects using hybrid poplar growth have shown “substantial reductions in 
dichloromethane identified after the second growing season” (NATO, 2002) and reductions in 
other contaminants.  The hybrid poplar used for phytoremediation projects is an extremely fast 
growing variety that can grow from five to eight feet/year and can reach a harvestable size in 
five to seven years.  Cost of the trees will depend on whether whips or eight gallon potted plants 
are used.  Whips, on average, are about $0.20/tree and are less expensive than the $8/potted 36 
 
tree, yet this will add a year or two to the harvestable date of the poplar trees in the buffers 
(Appendix A, Table 2-18, pg. 146). 
 
     Fig. 2.8. Advantages of Populus sp. in remediation                (Chappell, 1997, pg. 6) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 CHAPTER 3 – INVENTORY AND ANALYSIS  
 
 
 
Site Location and History 
Location 
  The project site (Fig. 3.1) is the Peloquin property at the intersection of McCulloch Rd 
and the Cardinal Greenway, directly south of the East Central Indiana Recycling plant, and north 
of the White River (Appendix A, Fig. 3.1, pg. 147).  
The site consists of two parcels of land totaling 9.19 acres.  The area around it is easily 
accessible by public transportation so the design process can be readily available for public use 
and participation.  The proposed site is directly adjacent to McCulloch Park which provides 
standard park amenities such as open greens and sport fields. The site provides an opportunity 
for community involvement as it is located at the intersection of two branches of the Greenway.  
Neighborhood citizens and the Greenway enthusiasts can potentially use it.  This park will help 
connect the adjacent parks along the Greenway: McCulloch Park, Craddock Wetland, and 
Minnetrista Park. 
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Fig. 3.1. Context Map: site is indicated in red within Muncie, Indiana 
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Existing Site Conditions: 
  The site shows the same characteristics as any long-abandoned lot in this part of 
Indiana.  Although there are some mature trees along the edges of the property, these are 
primarily pioneering and opportunistic varieties, and much of the rest of the edge has been 
over-run by bush honeysuckle (Lonicera maackii) and other colonizing and invasive plant 
species.  Various weeds and scrub species are thriving in areas where the soil has been 
disturbed, dumped with fill, or paved with gravel (Fig. 3.2). 
 
Fig. 3.2. On-site Images:  conditions showing weeds and debris                         (Symbiont, 2008, pg. 37-38)           
 
 
 
 40 
 
Site History: 
The Peloquin property was used as a dumping ground for furnace sand and slag by the 
Dayton Foundry, and subsequent foundries at the current site of the East Central Recycling Plant 
(Fig. 3.3).  Much of the north part is composed of cinder gravel. The foundries and current 
recycling plant are located on the north side of E. Highland Ave., which creates the north 
boundary of the site.  The 1896, 1902, and 1911 Sanborn maps show the foundry originally as 
the Whitely Malleable Castings Co.  According to the 1950 and 1955 Sanborn maps the foundry 
ownership and name changed to the Muncie Malleable Foundry CO.; it changed again in 1965 
map to the Dayton Muncie Mfg. Co. and was still present in the 1966 map (Appendix B, Fig. 1.1 - 
7 for sequence of Sanborn maps, pg. 153-159). 
 
Fig. 3.3. East Central Recycling, former foundry                            (Symbiont, 2008, pg. 38) 
 
 
The northern part of the site housed an automobile maintenance shop as far back as 
1896. It is unchanged in the 1911 and 1902 Sanborn map; however, the buildings in the 1950 
map appear to be larger and are still present in the 1955 map.  From then on both buildings 
disappear form the maps but there are still remnants of the paved and gravel parking areas 
located there.  Not much is indicated regarding the southern portion of the property other than 41 
 
that it was left unused and is dominated by trees and undergrowth along the edges and 
scrub/weeds in the center.  The area may have been used to store scrap metal and parts. 
On the east boundary of the site is FWC&L (Fort Wayne, Cincinnati and Louisville 
Railroad) north-south track, heading north to Hartford City, Bluffton, and Fort Wayne, and south 
to New Castle and Cincinnati. This track is still operational and services the many industrial 
facilities on its route.  The possibilities of some of the rail lines in Muncie becoming passenger 
lines are being explored; this line may be one which would provide opportunities for wider 
public access and interconnection.  Paralleling the far side of the tracks is a creek that flows 
south into the White River.  
On the east side of the railway track is McCulloch Park (Fig. 3.4), donated to the city by 
George McCulloch in 1892, and at 118 acres it is currently one of the largest community parks in 
Muncie.  It was originally the site of another foundry and worker housing until it burned down.  
The park provides many sports-oriented amenities and outdoor activities, having a history of 
supporting professional and semi-pro baseball teams including the resident team, the Muncie 
Fruit Jars.  
 
       Fig. 3.4. Postcard; view of McCulloch Park from river    (Addoway, 2012) 42 
 
Inventory and Analysis 
 
Fig. 3.5. Inventory and analysis of site and immediate context 43 
 
 
 
      Fig. 3.6. Site images of existing conditions along south and east border 
  
To the south of the site (Fig. 3.5) is E. McCulloch Blvd. following the upper curve of the 
White River.  This is a short section of road, ending at the intersection by the Minnetrista 
Cultural Center and becoming Bunch Blvd. after it passes the east border of McCulloch Park.  
The street is narrow and in poor condition.  There is also sidewalk access only on the far side of 
the road when passing the site. It passes under the railway bridge that crosses the river at a 44 
 
sharp curve, which severely limits visibility, but the road is not heavily trafficked so pedestrian 
safety has not been a concern there (Fig. 3.6). 
 
Fig. 3.7. Site images of existing conditions along south and west of site 
 
The Cardinal Greenway connects the south side of Muncie to the north at this point and 
creates the western border of the site (Fig. 3.7).  Directly on the south side of the river following 
this trail there is the Greenway Pocket Park.  The trail then crosses over a bridge located to the 
southwest of the site, intersects the White River Greenway at the McCulloch Trailhead Park, and 
the Cardinal Greenway continuing north. Farther to the west the White River Greenway passes 45 
 
through Minnetrista Park.  Following to the east it continues by another park located to the 
southeast, the Craddock Wetlands. The trailhead park provides a scenic view of the river and 
parking for people using the greenway. 
 
Fig. 3.8. Site images of existing conditions on-site and along north border 
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  Fig. 3.9. Diagram of site inventory 47 
 
A residential neighborhood composed of standard single-family lots is located on the 
west border on the other side of the Cardinal Greenway.  It is a family-based neighborhood that 
is showing the same signs of economic decline found in the rest of the city.  Many homes are in 
need of repair; other properties are for sale and appear abandoned and in severe disrepair and 
the streets and sidewalks are showing signs of decay (Fig. 3.10).  The green spaces for each 
property seem to be reserved for lawns and play areas for children and there appears to be 
limited public garden areas in this neighborhood.  
 
  Fig. 3.10. Images of residential area to west of site 
 
 
Brownfield Assessment 
Contaminants: 
According to the Phase 1 Environmental Assessment prepared for the city of Muncie (Symbiont, 
2008), several contaminants were indicated in soil tests (Appendix A, Fig. 3.2, pg. 148).  
Contaminants tested for included heavy metals, VOCs (volatile organic compounds) and BNAs 
(base neutral acids).  Contaminants identified include those expected from automobile and 
metal manufacturing: heavy metals, aromatic hydrocarbons, and chlorinated solvents, all of 
which occur in soil or groundwater.  Of those tested for, three were found above legal 
residential levels on the Peloquin site: methylene chloride, chromium, and naphthalene.  48 
 
Contaminants below residential levels, yet high enough for concern in other areas, were 
chromium, lead, nickel, and zinc.  Minimal or trace contaminants included beryllium, copper, 
mercury, and phenol; 2-methylnaphthalene was found at fairly high levels yet legal levels were 
not provided.  Concentrations above legal residential levels are indicated in orange, while 
contaminants of concern that are below legal limits but still addressed in the design are 
indicated in yellow.  The report does not specify if the form of the chromium is III or VI, so areas 
with high contamination will need to be isolated in case it is form VI or oxidizes into VI from 
form III.  
The project site should have a full assessment conducted for soil and groundwater 
contaminants, but for this design project the soil and contamination diagrams are based on the 
series of tables (Figs. 3.11-3.13) included in the Phase I Environmental Site Assessment 
(Symbiont, 2008).    49 
 
 
Fig. 3.11. Results of fill pile tests                  (Symbiont, 2008, pg. 194) 
 
   The foundry fill piles in the north show naphthalene and chromium levels above the Risk 
Integrated System of Closure, Default Closure Levels (RISC, DCLs) for residential land use, and 
metal debris are scattered in the foundry sand and immediate area (Fig. 3.11).  The existence of 
other hidden fill piles across the site are a possibility, but the brownfield assessment does not 
have that level of detail.  If extensive testing is conducted for the site, a more accurate 
representation of the levels and extent of the contaminants would be available. 50 
 
 
Fig. 3.12. Groundwater test results                    (Symbiont, 2008, pg. 193) 
 
 Groundwater tests show only two metals: antimony and nickel.  This project considers 
only nickel for remediation as antimony occurs at trace levels (Fig. 3.12).   51 
 
 
Fig. 3.13. Soil boring test results                      (Symbiont, 2008, pg. 191) 
 
 
  The soil borings conducted on-site show the presence of heavy metals (Fig. 3.13).  
These were below RISC DCLs; however, they are high enough for concern and are addressed in 
the remediation process (Fig. 3.14).  Methylene chloride was detected in multiple borings but is 52 
 
indicated as a laboratory artifact except in the G4 boring in the northeast corner.  The other 
possible contaminants tested for were not found in any measurable quantities. 
 
           Fig. 3.14. Concentration diagrams for contaminants of concern 53 
 
Soil Characteristics: 
Soil cross-sections across the site indicate a relatively shallow bedrock and soil types 
indicative of the northern Indiana geo-soil profile (Fig. 3.15).  The bedrock material is limestone 
and ranges from 6-20’ depth.  The northern and southern parts of the site have a greater variety 
of soil types, and the northern and southern-most borings are only a maximum 7.5’ depth.   The 
most common soil type located directly above the bedrock is a moist brown or sandy silty clay 
with trace gravel.  The soil depth is generally shallower at the very north and south of the site, 
and as thick as 14’ in the center.   The layer above that, depending on the location, is composed 
of clays with gravel or sand with gravel, greater amounts of cinder gravel and brick fragments 
toward the surface.  Groundwater was indicated at an eight foot depth. 54 
 
 
 Fig. 3.15. Soil boring cross-sections with depths and soil types 
 
These soil types will affect the way groundwater flows through the site, surface water 
infiltrates, and roots penetrate.  Areas that are predominately cinder gravel such as in the 
northern part will infiltrate faster and will need to be isolated to prevent contaminant migration 55 
 
(Fig. 3.16). The surface soil is characterized as primarily “Fox: UenB”, in the north-east corner 
where there is methylene chloride, the soil type is indicated as “Urban lan: UfuA”; both surface 
soils are well-drained, shallow sloped, urban soil mixes. 
 
  Fig. 3.16. Soil density sections indicating soil depth and higher or lower permeability 
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The layer closest to the bedrock is less permeable than the upper surface layer.  There is 
also a denser clay layer in the center of the site.  These layers may help prevent surface water 
and groundwater from moving through the site and leaching contaminants out of the soil and 
into the surrounding area. 
Context Inventory and Analysis 
The Phase I Environmental Site Assessment (Symbiont,2008) included an analysis 
conducted by Environmental Data Resources Inc. with Geocheck (EDR) Radius Maps, of past 
activities that could be potential off-site contamination sources  or liabilities.  An inventory and 
analysis of the larger context of the site in relation to outside contamination or influences show 
that potential off-site contamination sources are far enough away and of a contaminant type 
that does not elicit any immediate concerns.  The East Central Recycling Center and adjacent 
railway tracks are the only sources that may have an impact on the site, but they are not 
documented as actively doing so (Fig. 3.17).   Potential sources that are of a higher elevation 
than the site are indicated with red dots on the EDR Radius Maps. 
 
Fig. 3.17. EDR Radius maps of off-site contamination sources within ¼-to a ½-mile distance    
                          (Symbiont, 2008, pg. 90-91) CHAPTER 4 – CASE STUDIES 
 
 
 
  Case studies are an excellent source for design inspiration.  With many brownfield 
projects the design is very basic with remediation as the only goal.  These projects are usually 
isolated from public use or view, as aesthetic and public interests during the process are not a 
primary concern.  The following are completed or ongoing projects dealing with soil and water 
remediation, not just as a means but also as an interactive process for landscape design.   
 
 
Case Study 1: Fresh Kills Park: New York, NY 
The Site: 
The Fresh Kills Park is an ongoing brownfield remediation design project located on the 
south part of Staten Island and is owned by New York City.  The design is based on the winning 
project, “Lifescape,” of the international Design Competition proposed by the city (Fig. 4.1).  It 
focuses on redesigning a former household waste landfill into a safe, open public park.  An 
interdisciplinary design team Field Operations began the project in 2003. The site is 2,200 acres, 
roughly 2.5 times the size of Central Park and is expected to reach conclusion in 2035. 
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Fig. 4.1. Master Plan of Fresh Kills Park, New York, NY                                                (Freshkills Park, 2012) 
 
Fresh Kills was a landfill built in 1948 on Staten Island.  It is latticed by several creeks 
such as the Little and Great Fresh Kill, and rests within the floodplain of the Arthur Kill that 
empties into the Upper, Lower, and Raritan Bays (Fig. 4.2). The site was originally comprised of 
open fields, wetlands, and creeks before it was used as a landfill for household wastes.  It was 
closed in 2001 but was temporarily re-opened following the September 11, 2001 Twin Towers 
disaster to serve as a sorting ground for the rubble, much of which is still buried there today.   59 
 
 
Fig. 4.2. Site in context of Staten Island and birdseye perspective of design           (Freshkills Park, 2012) 
 
Approximately 45% of the park space at the beginning of the design process was 
comprised of landfill and the rest is wetland and field space (Fig. 4.3).  A phased remediation 
plan was developed to address the individual levels of contaminations in different parts of the 
site, and to regulate public access to these areas until the various sites are safe enough for full 
use.  Contaminants included anything normally found in landfill debris, which travels primarily in 
the form of heavily contaminated leachate, or leaking gasses such as methane which are 
released as the fill contents break down.    60 
 
  
 
 Fig. 4.3. Park Land Use in proportion to space available on Staten Island            (Freshkills Park, 2012) 
 
Design Process: 
Much of the larger debris was moved to a specific area of the site and the areas with 
rubble were developed as a 9/11 memorial area.  Large areas were capped with an 
impermeable layer to trap the leachate and treat it using phyto-, myco-, and microbial-
remediation techniques.  This barrier also is able to trap the gasses released by the landfill 
before they enter the atmosphere.  The gasses are harvested from the capped areas and reused 
as fuel.  The quantities collected have produced, on average, enough energy for about 22,000 
homes annually.  The excess is sold to energy utilities thus earning the city $12 million in extra 
revenues.  A phased development plan was created to gradually incorporate the entire site, 
public access, and proposed uses (Fig. 4.4).  Many different activity centers are part of the 
design, including sports fields, boat access, skiing and hiking trails, bird overlooks, 61 
 
environmental trails and parks, alternative energy demonstrations, restaurants, and many other 
amenities.   
 
      Fig. 4.4. Park Zones and public access               (Freshkills Park, 2012) 
 
Design Relevance: 
The phased process and timeline developed for Fresh Kills serve as an excellent design 
source and method for tackling similar problems on the Peloquin property (though the former 
project is at a much larger scale). The phases directly address designing for and allowing public 
access to different areas of the park based on decreasing levels of soil and groundwater 
contamination, while also focusing on circulation and environmental restoration in response to 
the clean-up process (Fig. 4.5).  The combination of a community park and environmental 62 
 
restoration project aligns well with the Peloquin project goals.  The graphic representation of 
the phased implementation also suggests an effective method for documenting the project.  
 
Fig. 4.5. Diagram adapted from master plans of phased new habitat cultivation 
 
 
Case Study 2: Landschaftspark: Duisburg Nord, Germany 
 
The Site: 
Once a coal and steel blast furnace, this brownfield site in Germany is now a 570-acre 
public park (Fig. 4.6). The designer, Peter Latz+ Partner, utilized the existing site structures as 
part of their inspiration, while incorporating other site scrap materials in the design.   The area 
around the park was densely populated and the landscape itself was disorganized from frequent 
economic upheavals and developmental changes.  The site and surrounding environment were 63 
 
extremely polluted with heavy metals, polyaromatic hydrocarbons, and debris left over from 
coal and metals foundries.   
 
             Fig. 4.6. Plan view of park                     (Co-tain, 2012) 64 
 
Design Process: 
Rather than removing the structures and contaminated soils, the designers utilized them 
in ways that encouraged public use, and used phytoremediation to bring the soils back to safe 
public-use levels.  Heavily contaminated ore bunkers were transformed into gardens, their sides 
becoming climbing walls (Fig. 4.7).  Old casting mold covers create a large geometric open plaza 
emphasizing the building materials and its pattern of corrosion, a catwalk by the sintering plant 
provides an excellent viewing platform, and the cooling tanks store and treat stormwater.    
 
Fig. 4.7. Overview of park shows existing structures and grid layout of ore bunkers      (Co-tain, 2012) 
 
The gardens are impressive and include a plaza full of flowering trees that echo the 
geometric patterns of the ore bunkers and lines of the site structures, and the “natural” and 
designed plantings reference how plants were used to break down contaminants left by the 
industries (Fig. 4.8). 
 
Fig. 4.8. Stormwater retention pools and ore bunker converted into a climbing wall     (Co-tain, 2012) 
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Design Relevance: 
This project used the history and existing site conditions to influence the overall design.  
It is not just a public park that was once a brownfield, but a park that celebrates its history and 
the journey it made to become usable public space (see Fig. 4.9).  This project illustrates how 
the history and/or the buildings and materials present on a site can be used to create the layout, 
or at least influence its design as shown with the grid format concept/design. 
 
Fig. 4.9. Plaza in bloom and an ore bunker formal garden               (Co-tain, 2012) 
 
 
Case Study 3: Tianjin Qiaoyuan Wetland Park: Tianjin,China 
The Site: 
The Tianjin Qiaoyuan Wetland Park is located in Tianjin, China next to a large, densely 
populated informal housing area surrounded by housing units, temporary structures, a large 
highway, and an overpass.  The project site was a 54-acre shooting range, garbage dump, and 
drainage sink for the city’s urban stormwater.  It was re-designed in 2008 by Turenscape into a 
public wetland park that functioned to clean the site soil and the water flowing from the city 
(Fig. 4.10).  The site was heavily polluted, littered, and deserted, and since it was originally 
wetlands and salt marshes the soil is saline and alkaline, which makes it difficult to grow many 
types of plants.  The people living in the area were also severely disadvantaged economically. 66 
 
 
 Fig. 4.10. Site plan and corresponding views                       (YouthLA, 2010) 
 67 
 
Design Process: 
The project is based on a regenerative design process that works to gradually heal the 
land and ecosystems.  The site was designed not only as an environmental reclamation project 
but as a community park and education area.  The design incorporates 21 pond cavities, 
measuring approximately 32–131 feet in diameter and 3-16 feet in depth, that works to 
concentrate the water in the site in specific locations and allow phyto- and bioremediation to 
take place.   These man-made wetland ponds simulate the processes that would have taken 
place on site before any development.  Diverse habitats were recreated, and natural processes 
were initiated to decompose the contaminants. Seeds of mixed plant species were sown to start 
the vegetative colonolization, and other native species were allowed to grow wherever suitable. 
Through the seasons, patches of unique vegetation became established, corresponding to the 
individual wet or dry cavities, creating “Adaptation Palettes”.   An interconnected network of 
paths and boardwalks were constructed to allow access and viewpoints to all areas and utilized 
educational signboards in key areas (Fig. 4.11). 
 
 Fig. 4.11. Images of retention cells and walkway                     (YouthLA, 2010) 
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Design Relevance: 
This site serves as a great source for a technology demonstration or educational public 
park. It effectively allows access to the entire site in a safe way by utilizing raised boardwalks 
and bridges to separate the user from the contaminated areas.   Educational boards along the 
walkway explain the remediation process or qualities of specific areas, allowing the user to 
observe and understand them (Fig. 4.12).   Another interesting design aspect is the use of 
individual cavities or retention cells that concentrate the contaminants in a specific area which 
treats them hydrophytically.  Design-wise, the organic lines and cells are interesting and draw a 
direct connection to organic and biological shapes and systems.   
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  Fig. 4.12. Pattern of activities and environmental conditions                             (YouthLA, 2010) 
 
 
Case Study 4: Sustainable Schiebroek-Zuid: Rotterdam, Netherlands 
  This project is not a remediation project in the traditional sense.  It focuses on 
redeveloping a residential area to improve the economic, environmental, and social conditions 
of the site and community living there, while not disrupting them in the process (Fig. 4.13).  This 
project looks to the future at how to create a sustainable community. 70 
 
 
        Fig. 4.13. Master site plan in immediate context                         (Except, 2010) 
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The Site: 
Schiebroek-Zuid in Rotterdam, Netherlands is currently undergoing redevelopment by 
Except Consulting and Vestia.  The site is a post-war social housing area that suffers from 
economic and social depression.  Few people use the public spaces provided and the buildings 
are uninspiring (Fig. 4.14).  The remediation project began in 2010 and is still in the design 
phase. 
 
 Fig. 4.14. Existing site conditions                       (Except, 2010) 
 
Design Process: 
  The design utilizes a multitude of elements or “ingredients” specifically chosen for 
existing site conditions.  It focuses on creating a sustainable community setting for many types 
of people that provides social services, energy autonomy, stimulating community interrelations, 
and fully integrating food production using edible landscaping.   
The design process began with charrettes conducted by the design group with the 
current residents of the project site.  The information and sketches created by the community 72 
 
(depicting what they wanted and needed) were incorporated into the design concepts and 
program and allowed the design group to select the appropriate “ingredients” to apply.  (Fig. 
4.15)  
 
   Fig. 4.15. Charrette sketches by community members as redrawn by design team   (Except, 2010) 
 
 
Using the “Symbiosis in Design Sustainable Methodology” (Fig. 4.16) the company 
developed, they simultaneously address concerns such as society, energy, the environment, and 
the individual. 73 
 
 
          Fig. 4.16. “Symbiosis in Design Sustainable Methodology”            (Except, 2010) 
 
All components were incorporated into the site without causing a great deal of upheaval 
by retrofitting on and around the existing structures. (see  Fig. 4.17) 
 
Fig. 4.17. Views of urban agriculture plots                     (Except, 2010) 
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Design Relevance: 
  The design incorporates community-maintained urban agricultural plots and 
focuses on improving the social and economic standing of the members.  The graphics depicting 
this are informative and well composed.  The projected timeline (Fig. 4.18) clearly and 
effectively demonstrates the progress of the project and community involvement, and 
incorporates the history of the site at the same time.    
 
Fig. 4.18. Development trajectory timeline showing past and future energy needs and use 
(Except, 2010) 
 
Conclusion 
  The reported projects serve as useful precedent studies of designs that incorporate 
biological soil and water remediation and the possibilities of urban renewal for a sustainable 
future.  They look at the past use of the site and incorporate that to influence the site’s design, 
successfully remediate the contaminants left by that past use, and develop the process and path 
for its future uses. CHAPTER 5 – PROGRAM, CONCEPTUALIZATION, AND DESIGN PHASES 
 
 
 
Opportunities and constraints: 
  The site inventory and analysis reveal opportunities for site design to connect different 
parts of the surrounding context and the presence of adjacent pedestrian pathways linking to 
major destinations to provide incentive for site use.  Contaminant locations, historic buildings, 
and uses of the site can be reflected in the design and development of the site, site elements, 
design layout, and phasing.   
Design constraints include the presence of the contaminants on site, some of the 
surrounding infrastructure such as the railroad, and the extreme amount of overgrowth on the 
project site. Another constraint is that not all contaminants can be remediated with biological 
remediation processes.  These constraints will affect the design layout, public access and 
circulation, and remediation process (Fig. 5.1). 
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Fig. 5.1. Thought tree for determining suitability for phytoremediation (Environmental Protection Agency, 
Brownfields Technology, 2001, pg 3) 
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Program 
The design objectives include: 
1.  All soil and water contamination will be isolated from the surrounding properties to 
prevent its spread. 
2.  The soil and water contamination on-site will be remediated primarily using proven 
biological remediation processes. 
3.  The site will be developed into a public park and local urban agriculture. 
4.  Public access to the site and in specific remediation areas will be determined according 
to the type and levels of soil contamination in relation to potential human safety risk.  
5.  Community interaction will be programmed according to safety standards and the 
project will encourage public interest and interaction with the site, as an educational 
resource, in development of the community garden, use of a proposed trailway, and in 
long-term maintenance of the site in the remediation process (Fig. 5.2). 
6.  Remediation design and process will be led by the design team, with assistance from the 
community, carefully controlled to prevent possible exposure. 
7.  Materials harvested from the site will stay on-site and be reincorporated (except for 
phytoextractors destined for recycling). 
8.  The site will connect with the Cardinal greenway, Trailhead Park, the White River, and 
McCulloch Park, while also addressing safety risks such as the proximity of the railway 
and McCulloch Blvd. 
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The program includes: 
1.  Poplar tree buffer around entire site and separating high contamination areas, spaced 
eight feet apart in a staggered triangle pattern, four rows deep, with trees of two sizes. 
2.  Entry area with small classroom/meeting building, bike racks, public restrooms, and 
educational kiosk. 
3.  Retention ponds in entry area using hydrophytic remediator plant species. 
4.  Mesh fencing in phytoextraction areas following grid pattern. 
5.  Three access points on north, east, and west sides. 
6.  Mulch pathways made from recycled materials during site preparation and waste from 
poplar tree harvest/boardwalk manufacturing. 
7.  Raised boardwalk around retention ponds and area with highest chromium levels.  
8.  Educational signage and lighting in key areas. 
9.  Final phase installation of successional forest trees and demonstration prairie. 
10. Agricultural plots sufficient for small neighborhood with area for potential expansion. 
11. Tool shed and composting area for agricultural waste. 
12. Demonstration beds for remediation plants 79 
 
 
Table 5.2. Program tasks in a ten year timeline 80 
 
Conceptualization:  
Preliminary Concept Development:  
Initial site concepts are illustrated in Fig. 5.3.  The first concept uses alternating mass 
plantings within the buffers.  The second concept uses radiating lines from potential entry areas 
to create smaller, more manageable remediation areas.  Dividing the site into smaller areas for 
the phytoextraction plants became important for the concept since this made testing and plant 
palette mixing easier.  The third site layout uses the old foundry and auto repair shop to create 
and orient a grid pattern for the planting masses.   
 
Fig. 5.3. Early concepts for site layout and planting plan 
 
The main focus of the project is to remediate the site.  Early concepts centered around 
developing a plan that uses a tree buffer to isolate the site, organic design forms, and mass 
plantings of hyperextractors.  The buffer also functions to separate parts of the site that have 
higher contamination levels from those with lower levels, using varying root depths to filter and 81 
 
absorb contaminants in groundwater (Fig. 5.4).  The concepts for the remainder of the site 
layout are flexible.  The areas that remain the same in all concepts are the main entry area 
located off the Cardinal Greenway and Trailhead Park, the area determined for the community 
gardens in the north part of the site, and the extended remediation process in the areas 
contaminated with methylene chloride and naphthalene.   
 
   Fig. 5.4. Root depths applicable for soil and groundwater contamination buffers 
 
 
Remediation and Plant Choices: 
The hyperextractors chosen for the site remediation were researched for effectiveness 
in remediating the four specific metals found on-site.  Varieties of plants used for 
phytoremediation are sunflower (Helianthus annuus), alpine pennycress (Thlaspi caerulescens), 
indian mustard (Brassica juncea), highland bent grass (Agrostis castellana), rapeseed (Brassica 
napus), smooth water hyssop (Bacopa monnieri), giant duckweed (Spirodela polyrhiza), water 
hyacinth (Eichhornia crassipe), hybrid poplars, seapink thrift (Armeria phytorem), blue sheep 82 
 
fescue(Festuca ovina), alfalfa (Medicago sativa), brassicas; bladder campion (Silene vulgaris), 
rose clover(Trifolium hirtum), prickleyburr (Datura innoxia), and tall meadow fescue (Festuca 
arundinaceae) (Fig. 5.5). 
    
 Fig. 5.5. Images of plants associated with each heavy metal contaminant 83 
 
These plants are rotated every growing season based on their properties and proximity 
to other grid cells of the same variety, and will extract the metals which will then be recycled 
and re-used in industry. 
Bioremediation and mycoremediation will be used to decompose the naphthalene and 
2-methylnaphthalene in the north part of the site.  Bioremediation would involve encouraging 
the growth (or seeding if needed) the affected area with the bacteria strain, collecting the mulch 
generated from site materials and seeding it with the mushroom spawn (Fig. 5.5).  A shade cover 
such as a variety of Brassica or grasses can be seeded on top, of that to stop the soil and fungi 
from becoming overheated or dried out which would prevent or slow its growth.  The mulch 
cover will also protect the soil and prevent the aromatic hydrocarbons from evaporating. 
 
Fig. 5.6. Bioremediation Psudomonas spp. and mycoremediation oysters (Pleurotus) 
 
A soil vapor extraction (SVE) system will be used to extract the VOCs from the affected 
area of the site in the northeast corner (Fig. 5.7).  This is a mechanical/chemical process that 
must occur before the site is ready for biological remediation as it forces heated air into the 
ground which will kill off most plants.  The area is small, which will minimize costs and the 
spread of this negative effect. 
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Final Concept Development:  
The third early concept was used as a launching point for the final concept and design.  
The contamination levels diagrams were layered together to show overall heavy metals and 
other types of contaminant concentrations (Fig. 5.7) and then used as a basic template for the 
poplar buffers, mycoremediation and SVE areas, and expected phase completion.  This, 
combined with the grid pattern created in the previous concept, defines the overall planting 
pattern (Fig. 5.8).   
   
 
Fig.5.7. Combined contamination levels              Fig.5.8. Grid pattern overlay 
The metal remediation program uses the grid to divide the space into more manageable 
sizes and to organize plant types, but the larger areas with the other types of contaminants are 
separated into three large masses separated by buffers. The grid will be used when an area is 85 
 
ready for phytoextraction.  The grid when installed in these areas, will be made from posts and 
fence lines creating physical barriers limiting public access to the contaminated areas, and the 
posts will remain indefinitely as visual reminders of the process. 
The site access and circulation depends on the levels of contamination, with the lowest-
level areas opened to public use first.  The main access off the Greenway and Trailhead Park 
provides the greatest possibility of site interaction in its earliest phases.  A gateway experience 
is created by a platform and demonstration plantings framing the entry.  Retention ponds 
surrounded by raised boardwalks are also located nearby, providing another draw for potential 
users.  An access point from the north is included in the second phase as that area is opened up 
for remediation, and a looping trail system extends from the main entry through that area.  
After the third phase is completed, a third access is developed at a point opposite the main 
entry, opening the site to access from McCulloch Park.  A safe crossing area is created across the 
tracks and drainage channel (Fig. 5.9). 
 
     Fig. 5.9 Phase development over time  86 
 
The walkway will extend as a raised boardwalk through the phytoextraction area that 
was once contaminated with hydrocarbons and VOCs to prevent contact with the soil.  This 
boardwalk will also be installed around the retention ponds, and the rest of the walkway will 
consist of wood mulch.  Visual access points are installed during this phase that look into the site 
from the Cardinal Greenway and McCulloch Blvd.; however, these will not encourage pedestrian 
access.  Ingress or egress at the south boundary of the site is made dangerous by the street 
conditions and low visibility.  Installing a crossing area or sidewalk on the interior edge of this 
section of road would be difficult with the existing infrastructure and narrow road edge.  
The design, when fully mature, will be a native successional forest park and prairie 
demonstration area in the center and southern parts of the site, including wetland 
demonstration ponds in the entry area; community gardens, orchards, and phytoremediation 
demonstration beds in the north-west part of the site.  
 
 
Design Phases: 
 
Phase One, Years 1-3:  
The first phase of this remediation project involves primarily site preparation and 
development of the southern part of the site, which contains the lowest number and 
concentrations of contaminants.  A secondary area prepared in this phase is in the northeast 
that is contaminated with naphthalene and methylene chloride.  A section-timeline of the 
growth and harvest of the poplar buffers and installation of urban agriculture plots is illustrated 
over the full phased remediation process (Fig. 5.10). 87 
 
 
Fig. 5.10. Section-timeline of general phasing of the site and cycle of Populus buffer 
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Fig. 5.11. Plan at end of Phase One showing completed phase plantings and design extent 89 
 
Year One: 
Year one preparation of the site will include removal by cutting of the dense bush 
honeysuckle (Lonicera maackii) growth along the edges of the site (Fig. 5.12).  The biomass must 
be disposed of properly to prevent accidental propagation by root or berries.  Perhaps the mass 
can be burned, (as composting does not always kill it) and the ashes tested for contamination 
before disposal or reincorporation into the site soil.  The plant stumps will be monitored and 
treated to prevent them from sprouting.  The denser weed growth will have to be removed in 
the proposed area to prepare for the planting phase.   
 
Fig. 5.12.  Japanese bush honeysuckle (Lonicera maackii) infestation and site litter 
 
Trees that are healthy and non-invasive will be allowed to remain while others will be 
selectively removed.  Other trees will be removed if they interfere substantially with the design.  
This material can then be used on-site, depending on its quality, as either wooden posts for the 
grid fence-lines or mulched (Fig. 5.13) and used as a walking surface, or as compost for the 
growth medium in the mycoremediation area.  90 
 
 
Fig. 5.13. Options for harvested wood materials on site, kept and used on site 
 
A grid is used to break up the site design into more manageable sections when dealing 
with the distribution of heavy metals across the site.  These sections were designed following 
lines and orientations of the once-existing building and foundry across the street.  Each section 
will be seeded with a particular variety of plant species chosen from the planting palette (see 
Fig. 5.5), based on the type and level of contaminant present in the soil. The plant choice will 
vary from its neighboring section, from each growing season to the next, to provide variety and 
visual interest (see Fig. 5.14).  91 
 
 
Fig. 5.14. Section-timeline depicting remediation in area contaminated with heavy metals 
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The soil and/or vegetation in each section will be tested periodically to determine the 
types of heavy metals and their levels of contamination, and what species of plant will be used 
for their extraction.  Mesh fencing along the grid lines will be erected with wood posts at the 
intersections.  The fence lines provide physical barriers and visual cue of the boundaries for 
individual sections or cells.  These will be removed when each is fully remediated, allowing full 
public access to that area (Fig. 5.15).  
 
Fig. 5.15. Plan for phytoextraction plantings showing change and removal of fencing  
 
Retention pond depressions will be installed in the area near the main entrance.  These 
will be located according to the site plan and excavated to the water table level.  They will be 
un-lined, allowing surface water to collect and groundwater to infiltrate.  These retention areas 
will be planted with hydrophytic remediators (Fig. 5.16) that are particularly successful at 
removing the heavy metals.  A preliminary pathway connecting the Greenway to the main entry, 
and then looping around these depressions, will be installed using the mulched material 
harvested from the site. 93 
 
 
Fig. 5.16. Plants in retention area  
 
The boundaries of the site will be planted with a fast-growing hybrid poplar species 
intermixed among the existing trees retained during site preparation.  The areas contaminated 
with methylene chloride and naphthalene must be isolated from the rest of the site.  The design 
uses the same hybrid poplar trees as a root buffer to phytostabilize the soil and to keep these 
contaminants from moving into or through the water table. The areas that need to be stabilized 
quickly will be planted with eight-gallon plants set eight feet apart following the same grid 
pattern.  The outermost edges of the buffer away from the contaminant will be planted with 
whips of the same type, saving on overall cost and staggering the growth of the trees (Fig. 5.17).   
 
 Fig. 5.17. Poplar tree buffer plant sizes at installation 
 
These whips will also be used in areas where isolation is not as essential, so dominant 
growth is not needed immediately or in areas where development is not part of Phase One.  94 
 
Growth of the hybrid poplar can range from five to nine feet per year, so the tree buffer will be 
established quickly. 
Year Two: 
After every growing season, the mature metal-enriched plants will be harvested, tested, 
and recycled according to what contaminant was extracted.  These will be harvested before 
producing seeds to prevent unwanted spread of the plants.  Different industries in the area such 
as Exide Technologies, a battery manufacturer, can take the biomass directly from the site and 
reduce it to ash to extract and re-use the metals.  This seeding-growth-removal-recycle process 
will continue in each section every growing season and throughout the site until the heavy 
metal contamination is at or below safety standards set for urban agriculture. 
The area contaminated with naphthalene and 2-methyl naphthalene within its 
established tree buffer will also be prepared for development in year two.  This process will be 
gradual, as the contaminants volatize readily. The first action will be to use bio- and 
mycoremediation in areas of high concentration, using a layer of wood mulch from the site 
seeded with oyster mushrooms along with other local varieties (Fig. 5.18). The compost layer 
will provide a growth medium, prevent the contaminant from evaporating readily, and prevents 
the soil from drying out and killing the seeded fungi.  There is no need to harvest or remove any 
of the materials used -- they are breaking down the toxic hydrocarbons into non-toxic forms.  
The leftover organic matter will then be incorporated into the soil before beginning the 
phytoextraction process. 95 
 
 
Fig. 5.18. Section-timeline depicting remediation of methylene chloride and naphthalene 96 
 
 
The area contaminated with methylene chloride will use a soil vapor extraction (SVE) 
system for its removal (Fig. 5.18).  The units will have an effective diameter of about 30 feet and 
shall be installed according to the site plan (Fig.5.11).  Heated air is forced through pipes 
underground, accelerating the natural volatilization process.  The resulting vapors will be 
collected in granulated activated carbon (GAC) canisters and disposed of after a year. 
Year Three: 
  Testing of the soil and maintenance of the plants and fungi continues in year three.  
Adjustments to the planting scheme will depend on soil testing results, and the tree buffers will 
continue to mature.  Observation of the SVE system will continue until soil tests show no sign of 
methylene chloride.  Once tests are conclusive the system will be removed and the area 
prepared for the bio- and mycoremediation processes. 
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Fig. 5.19. Plan at end of Phase Two showing completed phase plantings and design extent 98 
 
Phase Two, Years 4-6: 
  The second phase is a continuation of the processes started in Phase One, expanding 
the phytoremediation processes into the Phase Two area.  The large open area in the north that 
is not contaminated with methylene chloride or naphthalene will be cleared of excess 
overgrowth and prepared for remediation. 
Year Four: 
  The Phase Two remediation area will be prepared for development following the same 
process of weed and invasives removal and plant surveying as described in Phase One.  The 
same tree buffer of mixed-age poplar hybrids used before will be planted to complete the 
isolation of that area. 
Areas that have been tested and show natural heavy metal levels will now be planted 
with native successional forest trees (Fig. 5.20) or massed prairie plantings indicated on the plan 
(Fig. 5.19). This will continue each growing season as grid sections are tested and opened up for 
use. 
 
Fig. 5.20. Growth and harvesting of trees in buffer area 99 
 
 
The area containing high levels of aromatic hydrocarbons which underwent remediation 
is now ready for heavy metal extraction.  Plantings chosen according to the process used in 
Phase One will be installed or seeded depending on the species.  The secondary area with 
aromatic hydrocarbons and methylene chloride, will now be prepared for bio- and 
mycoremediation as indicated on the Phase Two master plan. 
Year Five: 
The new tree buffer planted along the north-west perimeter of the site in the Phase 
Two master plan (Fig. 5.19) will be planted. Fence lines will be installed according to the site 
plan and each section seeded or planted according to contamination levels.  Heavy metal 
remediation processes in this area will follow those used in Phase One. 
A raised boardwalk (Fig. 5.21) will be constructed from mature poplar trees harvested 
from the buffer area.  These trees need to be thinned to encourage healthy growth, and the 
materials should remain on-site.  This boardwalk is a temporary structure used in areas where 
people should not have contact with the soil or water.  It will provide a safe way for the public to 
navigate the site in areas that are still contaminated, and provide a pre-determined path for 
them to follow without causing a disturbance to the plants or soil.  Pathways will be extended 
from the existing pathway to other areas in the site; they will use the waste wood material 
generated during the boardwalk construction, similar to the mulch material used in Phase One. 100 
 
 
          Fig. 5.21. Section of raised boardwalk 
 
 
Year Six: 
The areas under bio- and mycoremediation will now be planted/seeded for 
phytoextraction.  Walkways will be extended through this area as well, allowing safe public 
access for observation.  The phytoextraction process and poplar harvesting will continue in 
buffer areas.  Treated areas will be planted with appropriate species or varieties indicated on 
the Phase Two master plan (Fig. 5.19). 
The main entry area will be developed further, incorporating amenities such as bike 
racks, educational/interpretive signage, and a small building with a class/workroom and public 
restrooms constructed of harvested or recycled materials (Fig. 5.22).   101 
 
 
Fig. 5.22. Section of main entry and retention ponds 102 
 
 
Stainless steel fence lights will replace wood posts along the pathway, and will reflect 
the foundries’ former presence (Fig. 5.23).  These will provide lighting for the walkway and can 
be programmed to illuminate specific sections referenced on the signage (Fig. 5.24).  Trails will 
extend through poplar buffers to connect the main entry boardwalk to the newly developed 
areas (Fig. 5.25). 
 
 
           Fig. 5.23. Signage for walkway and stainless steel fence light posts 103 
 
 
Fig. 5.24. Winter scene depicting site use and fall of colored lights on the snow 
 
Fig. 5.25. Walkway through established poplar forest buffer area 
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Fig. 5.26. Plan at end of year nine in Phase Three showing completed native plantings 105 
 
Phase Three, Years 7-10: 
This phase concludes the remediation process and focuses on developing the site fully 
into a public park and community garden (Fig. 5.26).  The trail system is complete and open for 
use, and provides new opportunities for visual access within and beyond the site (Fig. 5.27-28). 
 
Fig. 5.27. Crossing McCulloch Blvd. and up the Cardinal Greenway to the site entrance  
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Fig. 5.28. View into site from main entry area 
 
Year Seven: 
The remediation process will continue until phytoextraction areas in the north-west are 
fully remediated.  Additionally, the successional forest area is expanded and secondary plants 
are installed.   
Year Eight: 
Secondary access points are developed in the north and east as shown on the Phase 
Three master plan (Fig. 5.26), and views into the site are opened up at key points allowing 
glimpses into and out the site.  Remediation continues in areas of highest concentrations.  The 
boardwalk, signage, and lighting will continue to extend along the pathways throughout the site. 107 
 
Year Nine: 
Remediation will continue in areas where contaminants are still above acceptable levels, 
but at this time most of the site will be remediated.  The community garden area will be 
developed at this point with an emphasis on plant cohabitation. The perimeter will be lightly 
fenced to prevent animal infestation. 
Year Ten: 
The community garden will continue to be developed. Demonstration areas for native 
plant groups and the different remediation types will be developed and described with signage 
on the walkway.  The site is now complete and open for full public access. 
 
Conclusion 
The phasing of this project is dependent on many factors, including soil testing, which 
can change the length of the project.  This timeline is an estimate that allows for a certain 
amount of error, and errs on the conservative side for the amount of time needed for 
remediation of the contaminants on-site. 
 
 
 
 CHAPTER 6 – CONCLUSION AND FUTURE DEVELOPMENTS 
 
 
 
Cost estimate: 
Cost estimate comparisons are an effective way to indicate the value of a natural system 
as compared to the use of alternate technologies.  This can be difficult to determine as the 
scope of the project is not determined as a final product, but a system spreading further than 
just the boundaries of the site.  It not only deals with remediation, but also the long-term 
changes made to the community and the environmental systems around it.  A cost estimate is 
proposed, but the scope at this point in time, limits conclusiveness.  It will be assumed that this 
project would show the same results as other projects using phytoremediation on similar 
contaminants (Appendix A, Fig. 6.1. Table 6.1, pg. 130, through 6.5, pg. 133). 
A cost assessment will be made based primarily on the cost of remediation and 
aesthetic/environmental qualities, when using biological methods in comparison to other 
mechanical methods.  The estimate will consider the initial costs for the poplar trees needed for 
the site and the plant seed for the entire phytoextraction area.  This assessment is also taking 
into account the visual benefits of using a plant system instead of, say a clay cap across the 
entire site, which would be more cost effective but would have no positive effects on the 
community other than isolating the contaminants. 
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An estimated cost will be determined for the mycoremediation process based on 
completed projects and the area treated on-site.  This estimate would not include the organic 
growth medium, as the proposal uses material harvested from site.  Bioremediation costs would 
be limited to the purchase of bacterial colonies if it becomes necessary to supplement existing 
soil colonies. 
This proposed estimate will not take into account the costs of the design elements that 
are not essential to the remediation process.  Materials harvested on-site are expected to save 
money, such as the wooden posts obtained from the initial site preparation and poplar thinning 
process, as opposed to purchasing the materials elsewhere. 
 
Future Design Use: 
  Possibilities exist for this project to be used as a starting point for other sites within the 
city or the region. This site would help to connect the series of parks and greenspaces along the 
White river, and provides an alternative type of park to those currently existing in Muncie. The 
design layout was purposefully made flexible enough to accommodate any changes in site 
conditions.  The phasing process and incorporation of the community are important parts to the 
project and can be used as a template in other situations. 
  If this project is implemented, public interaction and community involvement would be 
carefully considered for safety reasons.   There are many things community members can do 
with little or no risk involved.  In the long-run local citizens are the ones needing to get involved 
so they will support this kind of project, making it acceptable to other communities.  The public 
can use the site for recreation in approved areas and it will create a stopping and crossing point 
for people using the Greenway or crossing into McCulloch Park.  Community work can include 110 
 
long-term maintenance, with proper precautions during remediation, and when the site is a 
completed park.  The community-managed garden, when installed, will create substantial 
involvement, increasing the sense of pride and ownership.  Other work can involve informing 
others about the site which encourages use and spread of awareness and remediation efforts. 
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